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PREPARING AN ION EXCHANGE MEDIA 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This utility patent application claims the benefit of co-pending U.S. Provisional Patent 

Application Serial No. 60/418,834, filed October 16, 2002, entitled "Method for Preparing an Ion 

Exchange Media," having named applicants as inventors, namely Ravi Chidambaran, Pavan 

Raina, and Devesh Sharma. The entire contents of U.S. Provisional Patent Application Serial 

No. 60/418,834 are hereby incorporated by reference into this utility patent application. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

Not Applicable. 

THE NAMES OF THE PARTIES TO A JOINT RESEARCH AGREEMENT 
Not Applicable. 

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED ON A COMPACT 
DISC or REFERENCE TO A "MICROFICHE APPENDIX" 

Not Applicable. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The subject invention relates to a method for preparing a composite ion exchange media 
for use within an electro-deionization process. This invention effectively differentiates the role 
of the media within the dilute compartment and describes a new method of preparation, which is 
able to meet the intended roles and enhance the performance. 

It has been found that the media performs multiple functions involved within the dilute 
stream chamber. For example: ion exchange, transport of de-ionized ions collected in the dilute 
compartment to the concentrate the compartment. These steps have to happen at a particular rate 
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and the kinetics are defined by the flow of water through the system and the ionic load 
transferred by the influent. While the flow is limited by the pressure drop through the system the 
ionic load is limited by the ability of the system to transport the load into the concentrate 
compartment and stay regenerated so that quality of water at sustained levels can be produced 
consistently. For each function (flow and transport) there is an optimum configuration, form, 
and method of preparation which carmot be achieved if there is a uniform design. If the design is 
uniform for the whole mass of the media, it will only perform one of the functions efficiently 
whereas performance on other functions will be less than optimum. 

This invention involves detailed study on the mechanisms for these functions in a 
stepwise manner and limitations involved therein. Work has also been done to overcome the 
limitations through an effective combination of a media configuration, which allows handling of 
these functions by segregating the requirements and making them happen in an efficient manner 
in specific zones, 

BRIEF SUMMARY OF THE INVENTION 

The ion exchange media in the dilute compartment of an electro de-ionization process is 
required to fulfill the following two requirements. 

1. Effectively exchange the ionic load being fed in through the feed water to be de- 
ionized; and 

2. Transport the ions to the concentrate compartment while remaining in a highly 
regenerated form. 

It is very clear through several sets of experiments that if the flux has to be maximized 
the media should be such that it offers minimum resistance to the flow path. However, by doing 
this there is a limitation in terms of the thickness because of the ability of the system to transfer 
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ions to the concentrate compartment. This can be quickly seen in terms of deteriorating quality 
that needs flow to be reduced to maintain quality. This also is seen in terms of the number of the 
hours it takes to get the quality to a target value when the stack is started up or the stack is 
regenerated after exhaustion during operation. 

At the same time, if the media is made of finer resin particles the ion transportation is 
significantly improved evidenced by the time taken to get a desirable quality but the flux 
achieved is not satisfactory. 

Therefore, a media was invented with a combination of the two in an optimum proportion 
such that the ability of the media to handle flow and transport of ions within itself and through to 
concentrate does not limit the quality on a sustainable basis. 

The media broadly consists of two parts. The porous part, which is named as Part 1 for 
ease of description, and the transport framework, which is named Part 2, for ease of description. 
There are several objectives to be kept in mind for the porous part of the media, which are as 
listed below: 

A] . Part 1 has to be in a uniformly porous form as possible so that the water flow is possible 
with maximum flux. This part of the media, if reduced in size, will start offering resistance to the 
water flow. 

B] . Part 1 of the composite media should form the bulk of the volume so that opportunity to 
increase the flow through the system can be maximized. 

C] . Part 1 also has to stay regenerated so that efficiency of ion transport can be maintained. 
Therefore, the media has to remain continuously exposed to an environment where regenerating 
ions are available on a continuous basis. 
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D] . So that the objective mention in C above can be achieved all the bipolar sites have to be 
created on this path by design. 

E] . This concept also operates on a basis that water splitting that happens on resin -resin 
interfaces only creates necessary regenerating ions which are efficiently utilized in the 
regeneration therefore eliminating any water splitting between resin membrane interfaces by 
design. 

F] , The design of this part is done to achieve an objective of equal water distribution across 
the width of the media by providing flow dividers as a part of the media. Consequently, length 
covered by water within the media does depend on the location of the water entry within the 
media or difference in porosity of the media. This is therefore achieved without introduction of 
an inert material. 

There are several objectives that need to be defined for the transport framework. Part 2, 
which are as follows: 

A] . The main function of Part 2 of the composite media is to facilitate ion transport into 
concentrate compartment in a way that ion transfer is efficient into the concentrate compartment. 

B] . Part 2, of the media forms a framework around Part 1 of the media, which takes flow. 

C] . This part of the media does not encourage any flow because of the fine particle size it is 
made of and compactness of the structure. However the media can get wet and still maintain a 
highly conductive ion transport environment. 

D] . The media of Part 2 ensures almost seamless contact with membrane ion-exchange 
surface on either side and also is in complete contact with the base media, Part 1 . As a result, 
there is no channeling of water close to the membranes, which is the case in many designs. If this 
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part is made with exhausted resin the chances of any channeHng are further eliminated because 
of swelling of resin with regeneration that further compresses it against the membrane surface. 

The Part 2 media is smooth and soft in texture and therefore almost becomes a part of 
membrane on one side and an extension of porous media on the other side. This is totally able to 
eliminate bypassing of water through the boundary layer gaps, when the resin is not fully 
regenerated. 

E] . The media is made to have a very fine surface ensuring complete contact of the 
membrane and porous media surface so that there are no gaps for ion movement providing for a 
continuous ion exchange environment within the dilute compartment. 

F] . While most of the framework is close to the membrane surface, part of this also extends 
to form flow defining channels for the porous media so that flow path can be maintained through 
the length of the media without the introduction of an inert media. 

G] The transport framework being attached to the ion exchange membrane allows the total 
membrane surface to be used in transport of ions across to the dilute chamber and also eliminates 
membrane- resin bipolar sites which reduce efficiency of transport. 

H] . Minimizing and optimizing the bipolar junctions to only resin- resin bipolar surfaces thus 
reducing power consumption by preventing any undesirable water splitting. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

Figure 1 is a depiction of separate cation and anion resin beds used to form the transport 

framework of the invention. 

Figure 2 depicts cation blocks and anion blocks of sizes used in one embodiment of the 

invention. Unites are millimeters. 
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Figure 3 is an exploded view of composite media created according to the invention. 
This embodiment displays four flow paths between the anion part of the transport framework and 
the cation part of the transport framework. 

Figure 4 is a depiction of a transport framework including four flow paths, each flow path 
having six cation exchange areas and six anion exchange areas. 

Figure 5 includes two views of the ion exchange media of the invention. 

Figure 6 is a graphical representation of product resistivity over time for an 
electrodeionization stack run without the benefit of the ion exchange media of the instant 
invention. 

Figure 7 is a graphical representation of product resistivity over time for an 
electrodeionization stack including in its dilute compartment the ion exchange media of the 
invention. 

Figure 8 is a graphical representation of product resistivity over time for a thirty cell-pair 
electrodeionization stack including in its dilute compartment the ion exchange media of the 
invention. 

Figure 9 presents two views of the flow paths with dividers. 
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DETAILED DESCRIPTION OF THE INVENTION 

Keeping in mind the abovementioned requirements a media design has been created 
wherein a media is made with two different kind of resin configurations. An outer two part 
transport framework is created with fine resin (bound with a cohesive) that is capable of getting 
wet but is not conducive to water flow through it. However, because of close and compact 
configuration, it provides an efficient transport route for ions to the concentrate compartment in 
the direction of the driving force. This transport framework does not allow bypassing of the flow 
through the boundary layer because the cation and anion part of the framework is in complete 
contact with the respective like cation or anion membrane. 

For making the framework part of the media, both varieties of resins in regenerated or 
exhausted form are dried at controlled temperatures and ground to reduce the size between 50- 
150-micron size. The ground resin is sieved to make sure larger particle size particles are 
positively removed. This resin is then impregnated into a binding media and it is thoroughly 
mixed so that it becomes uniformly distributed. It is then allowed to partially dry for sufficient 
time so that a dough-like mixture can be made. 

Once this mixture becomes dry to an extent of a desirable level of consistency that it can 
be given any shape or form it is rolled or pressed into the shape of a framework depending on the 
design and then allowed to dry completely. The thickness of the framework can be adjusted 
based on the quantity and the size in terms of length and width depending on the size of the 
dilute compartment. This process is followed for both types of resins for either side of 
compartment, which is then boxed together if the dividers are made as a part of framework. If the 
dividers are not a part of the fi-amework, they are internally divided by using separate dividers to 
create to exact shape of the Flow path zones. These Flow path zones may be called elsewhere as 
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cation or anion zones, blocks, tablets, or domains. These are used to fill up the void spaces 
within the box. The overall framework is now ready to receive the second part of the media, 
which makes the flow path in the void space available. This design of the transport framework 
can be suitably created for different thickness of the dilute compartment ranging up to a 
thickness 14-nmi or even more. 

The preparation of media in the flow path, involves carefoUy calculating quantities of 
resin volumes required based on the moisture content of resin and the type of resin for a given 
particle size based on the bulk densities. The resin utilized, is uniform in size from 500-650 
micron, and is used for the part of the media to process the flows. This resin can be bound into a 
different configuration using a binding agent depending on the shape and size of the longitudinal 
path created within the Transport firamework part of the media. This shape can be based on a 
square, circular, rectangular or any other cross -section. This is then given the form of flow path 
domains. The cation and anion domains or blocks for the flow paths are of different size and can 
be used to fill into the void space in the firameworks in required predetermined quantities. This 
part of the media can also be made with dry resin, which is in a regenerated or exhausted form. 
Within the framework predetermined flow paths are created to guide all the flow through defined 
cross sections in the longitudinal direction with alternative cation and anion resin blocks or 
tablets. These blocks can be in a square, rectangular, cylindrical or any other geometrical shape, 
which facilitate ion transfer from water to resin based on the shape of the voids. The cation and 
anion ratio within the longitudinal flow path is adjusted to achieve the flux and bipolar surface 
area required, within a defined bed depth. The number of blocks are determined and adjusted 
based on the bipolar area required. This media is kept in bound form for ease of preparation or 
even can be used without any binding agent. 
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The binding agent can be low-density polyethylene or their mixture, natural rubber, butyl 
or Nitrile rubber or combinations. However best results are obtained with Nitrile rubber for both 
the forms of media. 

The packing of tablets into the framework can be done in a horizontal or vertical position 
depending on which side of the transport framework is kept open. The box is then closed from 
the open end. For closing the box from the top and bottom polyester or nylon mesh is used. A 
composite media can be shown as given in Figure 5. 

The process of making the composite media can be devised on a manual, semi-automatic 
or automatic mode. 
Advantages 

This configuration helps in creating a design with efficient features to meet the desired 
intents at specific places rather than using a design, which is generally made for the overall 
purpose and creates disadvantages resulting fi'om a lack of control of different steps of the 
process. The ability of the framework to almost seamlessly combine with both membrane and the 
porous part of the media is responsible for taking the flow the membranes and media act as one 
piece. This configuration facilitates achievement of quality immediately after starting the stack in 
a few hours and also helps in maintaining the quality even if the feed water quality goes through 
some variation in terms of hardness silica or TOC values. When the resin gets regenerated within 
the dilute compartment the framework further gets compacted with the membrane largely 
eliminating possibilities of any by-pass of flow through the membrane surface, which is possible 
in a conventional media and membrane system. The framework also provides a soft and 
continuous back up to membranes improving its mechanical strength and longevity and prevents 
exposure to raw resin surface, which could result in damage to the membrane surface. The 
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process also becomes more resilient to changes in the differential pressures across the dilute and 
concentrate compartment. Thus the new composite media can be regenerated faster, provide 
consistent quality of water even with varying feed stock, offers a solution for low levels of silica 
and improves the mechanical strength and longevity of membranes. 

Examples 

The examples detailed here explain preparation of Flow path domains, blocks or tablets 
and Transport framework along with flow dividers. These components have been assembled 
together into a dilute compartment and several of these have been used to create an electro 
deionization assembly. Various experiments have been carried out and experimental data has 
been plotted in graphs. 

Method of preparation of media and details of various experiments are as foUows- 
Experiment 1 Preparation of the Framework and Tablets 

One set of die is made of the size 200 x 187 mm of different thickness as required for the 
selected size of the dilute compartment. The media was made here for dilute compartment 
thickness of 1 1 .3 mm. 

Anion resin in CI form and cation in Na form resin separately dried through air or 
vacuum dried to reduce moisture content between 10 to 20 %. 

As shown in Figure 1, separate anion resin bed was made by 127 grams on 100 % dry 
basis and blended with suitable binding agent in the range of 1 % to 10 % (preferably 5 to 7 %). 
The dough was prepared filled in the die and pressed on drying. Similarly separate cation resin 
bed was by 169 gms of material on 100 % dry basis with suitable binding agent in the range of 
0.5 to 5 %, (preferably between 3 to 5 %). The ratio of anion and cation in one bed was kept in 
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ratio of 35 % cation and 65 % anion and accordingly in the separate anion bed cation blocks that 
have to be cut and separated out. Under this bed example, the anion blocks size was 47.5 x 20 
mm in the longitudinal direction and cation block size is 47.5 x 10 mm to give the desired 
proportion. These blocks are depicted in Figure 2. In one bed there are 24 anion and 24 cation 
blocks. Accordingly from the anion bed separate out 24 blocks of this size and the same number 
from the cation block to make the bed. 

Intermediate separator or divider: Air or vacuum dried anion and cation resin size was 
reduced and sieved to collect particle between 50 and 250 jam (preferably around 150 |am). First 
the sieved resin was blended with 25- 50 % binding agent and a sheet was prepared of 2- 5 mm, 
preferably 3mm thick in a die. The dried and pressed sheet was cut tol 80 mm length pieces. 
Such 180 mm pieces were inserted in the cation bed (3a) and anion bed (3b) as shown in Figure 
1 and in Figure 9. 

Framework preparation, air or vacuum dried, ground and sieved resin of size 50- 150 |im 
was used for the preparation of the framework. This size of resin can also be directly separated 
out of the resin manufacturing process from its raw materials. 

As shown in Figure 2, 17 grams of sized anion on 100 % dry basis was taken and blended 
with 1 8 to 25 % of a binding agent and the dough was rolled to form a layer in the thickness 
range of 0.5 to 1 .0 mm (preferably 0.7 mm). This was allowed to dry and pressed for 
smoothness. Similarly 22 grams of cation resin material was taken on 100 % dry basis and 
blended with 10 to 20 % binding agent. The dough was rolled similarly as that of anion and 
pressed on drying to give a smooth surface of thickness between 0.5 to 1.0 mm (preferably, 0.7 
mm). 
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As shown in Figure 3, the anion part of the framework and cation part of the framework 
were used on either side to create a box with longer dividers on either side of the framework to 
cover both ends of the length and in between depending on number of flow paths to be created. 
Alternatively these dividers can be created as a part of each framework directly from the mould. 
The media made under this example had four equal flow paths created with the help of three 
dividers of 3 mm each. Polymeric material mesh like nylon is used to cover the top and the 
bottom ends. 

As shown in Figure 4, the basic framework formed was filled in with 24 each of anion 
and cation blocks or tablets made above. This was then kept under the influence of slight 
pressure so that it can be all joined together in one piece. 

Six such pieces are prepared for one assembly. 

Assembly: The framework filled bed was placed in the dilute compartment in such a 
manner that the anion part of the framework is on the anion exchange membrane side and cation 
portion of framework touches the cation ion exchange membrane. Assembly was then completed 
with the concentrate compartments and electrodes. 

When the water was passed through the media for wetting the framework that was 
already an integral part of the remaining bed so that the framework got in close contact with the 
membrane thus forming a part which remains wet and prevented any chances of water to flow 
and through close contact with membranes accelerated the ion transfer from the remaining bed 
towards the membrane and into the concentrate chamber. This assembly was now ready for 
testing. 

Before the preparation and assembly as above were done a stack was also prepared with 
six beds of conventional kind of media without the transport framework type beds in order to 
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compare the base level performance with conventional type beds. These stacks had the same 
dilute compartments same thickness, same ratios of cation to anion resin but the base material 
was used to fill the thickness. The conventional bed design was based on providing cylindrical 
cation blocks removed from an anion bed. 

The conventional stack thus operated at 120-150 Its per hour with feed condition of 
conductivity less than 20 |is/cm, hardness of 1 ppm and later with silica of 200 to 300 ppb. The 
voltage applied was of 6 to 18 v/p. The product resistivity achieved was 10 to 12 MQcm and 
silica less than 20 ppb 
This was observed in 240 hrs of operation 

In the same stack six beds were replaced with the Transport fi-amework and flow path 
domains type bed as per the method described as part of the invention. The stack was run with 
increased feed water conductivity as above with hardness of Ippm and silica of 200ppb .The 
product quality improvement was imminent immediately .The flow through the system increased 
by 25-30% at a sustained level of quality of 16 -18 MQcm. This configuration continued to 
perform for more than 500 hrs. 

As seen in Figure 6, the stack was run first for 240 hrs with a conventional bed and 
without the transport fi-amework type bed. The stack stabilization took approximately 40 hours 
initially to achieve product resistivity of greater than 17.5 -18 MQcm. Silica was then added 
equivalent to 200 ppb in the feed. Product resistivity started slipping down gradually as shown in 
Figure 6. 

The stack beds were then replaced with frameworks type beds, which are part of the 
invention. Product resistivity of 18 MQcm was achieved within 15-20 hours and sustained 
around that level for next 450 Hrs of operation of this experiment. 
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Experiment - 2: Thickness of the dilute compartment used was 10.7 mm. Anion resin in 
CI form and cation in Na form resin separately air dried to reduce moisture content between 10 
to 20 %. Separate anion resin bed is made by 125 grams on 100 % dry basis and blended with 
suitable binding agent in the range of 1 % to 10 % preferably 5 to 7 %. The dough is prepared 
filled in the die and pressed on drying. Similarly separate cation resin bed is by 165 gms of 
material on 100 % dry basis with suitable binding agent in the range of 0.5 to 5 % preferably 
between 3 to 5 %. The ratio of anion and cation in one bed was kept the same as experiment- 1 . 
The anion and cation blocks were also of the same size. Intermediate separator and the 
framework preparation were similar as in experiment- 1 but adjusted to suit the thickness of dilute 
compartment. 

All the six beds at this time were having transport fi-amework and flow path domains 
when the assembly of the stack was done. The stack operated with feed condition of 
Conductivity of 20 |is/cm, hardness of 1 ppm and silica of 200 ppb. The voltage applied was of 4 
and 16 v/p. The product achieved was of 18 MQcm and silica less than 10 ppb on sustainable 
basis for more than 500 hrs of operation. 

As seen in the Figure 7, this stack was run with the feed of conductivity of 20|as/cm and 
silica of 200 ppb. Within first 15 hrs the stack was stabilized and the product resistivity stayed 
around 1 8 MQcm and product silica below 6 ppb through out the run of 700 hrs. This stack feed 
was also subjected with contamination of TOC between 220 and 440 hrs without the degradation 
in the product. 

It is also seen in Figure 7, there is a dip in the product after 440 hrs, where the bed was 
exhausted by design to see its ability to regenerate again and give low levels of silica. And it can 
be seen it was able to regenerate to the original levels of quality of 18 mega ohms within a period 
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of 15- 20 hours of operation while continuing to operate with a feedstock of a conductivity of 
20)Lis/cm. It was also able to deliver silica quality of less than 5 ppb. The assembly was tested for 
700 hours. 

Experiment 3: To confirm results on a larger assembly a 30 cell pair stack was made 
with the media with framework as described above. The RO product was fed to an EDI stack. 
The assembly was tested for product quality and silica concentration. 

The operating conditions were as follows: Feed flow 1,6 M^/hr at 2.5kg/cm2 pressure, 
Feed conductivity in the range of 5 to 1 5 fxs/cm, pH of 5.5 to 6.5, Feed silica of 150 to 200 ppb, 
applied voltage 10 to 15 v/p and ampere consumed 2 +/- 0.2 amps. 

The product resistivity maintained above 18 MQcm throughout the experiment. The 
assembly was able to regenerate within 15-20 hours after it was started. The product silica was 
observed less than 5 ppb with silica going as low as 2 ppb. In the data of 800 hours of operation 
confirms sustained results. The results are presented in Figure 8. 

Obviously, many modifications and variations of the present invention are possible in 
light of the above teachings. It is therefore to be understood that, within the scope of the 
appended claims, the invention may be practiced otherwise than as specifically described. 
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